The stepwise synthesis of imidazo [4,5- 
Introduction
Cyclometalated Ir(III) complexes that possess luminescent properties have attracted significant attention [1] 1 since their initial discovery. Ir(III) complexes can be developed for a range of optoelectronic applications, such as OLEDs, [2] 2 light emitting electrochemical cells (LECs), [3] 3 photoredox catalysts, [4] 4 photovoltaics [5] 5 and luminescence biomaging. [6] 6 More recently, further applications of this class of compound have included piezochromics [7] 7 and responsive materials for data recording. [8] 8 In all cases an understanding and control of the electronic properties of the complex are a prerequisite to its effective application. The aims of this work were to consider the use of substituted imidazo[4,5-f]-1,10-phenanthroline [9] 9 species in the synthesis of conjugated benzotriazole-based Ir(III) species and to investigate the resultant luminescence properties.
Benzotriazoles are a very well-known class of aromatic heterocycle that contain three adjacently bonded nitrogen atoms. From a synthetic perspective, they are of interest because of their broad applicability, for example, in anti-corrosion [10] 10 products and for their diverse biological activity [11] 11 (benzotriazoles are important drug precursors in the pharmaceutical industry). Interestingly, benzotriazoles can exhibit fluorescence emission and can also participate in coordination of metal ions via one or more of the nitrogen atoms making them attractive candidates in the design of larger polymetallic structures and coordination polymers. [12] 12 The synthesis of benzotriazoles commonly (although myriad variants on the general approach are known) 13 relies upon the cycloaddition of potentially hazardous azide species with functionalized alkynes, often requiring metal-catalysed mediation. [14] 14
There are few examples of phosphorescent transition metal complexes that
Synthesis and Characterisation of L 1 -L 4
The adopted general synthetic route to the target benzotriazoles is shown in Scheme 1,  where the addition of the -NHR' group provides control over the solubility properties.
Scheme 1.
General scheme showing the synthetic route to the benzotriazole species.
The nitro-substituted ligands (L 1 , L 2 ) were synthesized from 1,10-phenanthroline-5,6-dione (Scheme 2) using 4-chloro-3-nitrobenzaldehyde, aniline and ammonium acetate in acetic acid to give the pro-ligand (top right, Scheme 2). [18, 19] 18 , 19 Further functionalization was achieved by heating the pro-ligand with either 2-(2-aminoethyl)ethanol or 3-aminopropanol in DMSO, [20] 20 to give the nitro-derived ligands, L 1 and L 2 , respectively. These species were soluble in a range of common organic solvents. The completion of the aromatic substitution reaction was indicated through 1 H NMR spectroscopy by an upfield chemical shift (to 6.6-6.8 ppm) of the proton resonance (doublet) adjacent to the new aromatic amine substituent (Fig. S1 ). 13 
Synthesis and characterisation of benzotriazole derivatives
The benzotriazole derivatives of selected ligands and complexes were synthesized using the 1, 
Electrochemistry of the complexes
The electrochemical characteristics of the complexes were studied in de-oxygenated acetonitrile ( 
DFT calculations
To probe the predicted nature of the electronic transitions involved in these systems, 
Electronic properties of the ligands and Ir(III) complexes
The UV-vis. absorption spectra of the ligands were recorded in aerated MeCN (2.5 × The UV-vis. spectra of the iridium(III) complexes (e.g. Fig. 4 ) can largely be described as comprising metal-perturbed, ligand-centred [32] 32 absorption bands between 200-380 nm, and a set of weaker bands in the visible region at 350-500 nm.
These latter bands were assigned to overlapping spin-allowed 1 MLCT (Ir(d)-π*) and 1 ILCT (π phenyl -π* imidazo ) transitions, [33] 33 with the possibility of spin-forbidden 3 MLCT transitions contributing to the weaker, low-energy shoulder towards 500 nm.
Variation of the coordinated diimine ligand resulted in minor tuning of the absorption bands, whilst changing the cyclometalating unit from ppy to emptz resulted in a more pronounced MLCT feature ca. 450 nm for the latter. The luminescence properties of all ligands and complexes were measured in aerated MeCN (Table 2) . band between 416-435 nm , which is characteristic of phenylimidazo-phenanthroline ligands of this type. [39] 39 The emission lifetimes (Table 2) 4 showed a large hypsochromic shift relative to the corresponding diamino-analogues (Fig. 7) . In contrast, whilst little shift of the emission wavelength was observed between [Ir(emptz) 2 (L 4/6 )]BF 4 , analysis of the integrated emission intensity showed a 10-fold enhancement upon formation of the benzotriazole derivative (Fig. 8 ). This luminescence enhancement was further supported by quantum yield measurements that showed an increase to 11%, and a lengthening of 
Experimental DFT Studies
Scalar relativistic DFT calculations were carried out using the Gaussian 09 package, 35 with relativistic effects incorporated via the use of appropriate effective core potentials (ECPs). Geometry optimizations were performed without symmetry constraints at the CAM-B3LYP level, [36] 36 which was developed specifically to improve the description of excited states involving substantial charge-transfer character. The D3 version of Grimme's dispersion correction was included in all calculations. [37] 37 The calculations were undertaken with a basis set consisting of the Stuttgart-Dresden basis set plus ECP on Ir, and the cc-pVDZ double-ζ basis set on all remaining atoms. [38] 38 Stationary points were analysed using frequency calculations, to ascertain that they were minima on the potential energy surface. Time-dependent DFT (TD-DFT) calculations also employed CAM-B3LYP; the first 50 excited states were calculated. As shown by Vlček et al., [39] 22 obtaining satisfactory agreement between experiment and TD-DFT. Solvent was therefore modelled using the polarizable continuum model, [40] 40 with the molecular cavity defined by a united atom model that incorporates hydrogen into the parent heavy atom, and included in both geometry optimizations and TD-DFT calculations.
Electrochemical studies
Electrochemical studies were carried out using a 
Supplementary Information
Examples of NMR and MS characterization data, Cartesian coordinates of all calculated structures in a format for convenient visualizationand details of all excited states are provided in the SI.
